Inhibition of type I and type II phosphomannose isomerases by the reaction intermediate analogue 5-phospho-D-arabinonohydroxamic acid supports a catalytic role for the metal cofactor.
The phosphomannose isomerases (PMI) comprise three families of proteins: type I, type II, and type III PMIs. Members of all three families catalyze the reversible isomerization of D-mannose 6-phosphate (M6P) and D-fructose 6-phosphate (F6P) but share little or no sequence identity. Because (1) PMIs are essential for the survival of several microorganisms, including yeasts and bacteria, and (2) the PMI enzymes from several pathogens do not share significant sequence identity to the human protein, PMIs have been considered as potential therapeutic targets. Elucidation of the catalytic and regulatory mechanisms of the different types of PMIs is strongly needed for rational species-specific drug design. To date, inhibition and crystallographic studies of all PMIs are still largely unexplored. As part of our research program on aldose-ketose isomerases, we report in this paper the evaluation of two new inhibitors of type I and type II PMIs from baker's yeast and Pseudomonas aeruginosa, respectively. We found that 5-phospho-D-arabinonohydroxamic acid (5PAH), which is the most potent inhibitor of phosphoglucose isomerase (PGI), is by far the best inhibitor ever reported of both type I and type II PMI-catalyzed isomerization of M6P to F6P. 5PAH, which has an inhibition constant at least 3 orders of magnitude smaller than that of previously reported PMI inhibitors, may be the first high-energy intermediate analogue inhibitor of the enzymes. We also tested the related molecule 5-phospho-D-arabinonate (5PAA), which is a strong competitive inhibitor of PGI, and found that it does not inhibit either PMI. All together, our results are consistent with a catalytic role for the metal cofactor in PMI activity.